Abstract. Progressive pseudorheumatoid dysplasia (PPD) is a rare inherited autosomal recessive disease for which no prevalent data have been reported in China. We aimed to identify PPD based on clinical manifestations and imaging analysis of the bony skeleton and then to investigate gene mutations of Wnt1-inducible signaling pathway protein 3 (WISP3) in Chinese patients with PPD. Seven patients (aged 9-49 years) from six unrelated Chinese families all presented with a waddling gait, progressive swelling and restricted joint movements, and all were diagnosed as having PPD according to clinical signs and symptoms, as well as radiographic imaging. The radiographic imaging revealed no erosive arthropathy, but showed platyspondyly, irregular or wedged/ovoid anterior end-plates of the vertebral bodies, coxa vara and widened epiphyses or metaphyses including the femoral head and the metacarpophalangeal and interphalangeal joints. Normal laboratory values were found for the erythrocyte sedimentation rate, C-reactive protein and rheumatoid factors in all patients. Molecular studies revealed that five patients carried c.624_625insA/c.729_735delGAGAAAA, c.624_625insA/ c.866_867insA, c.866_867 insA/c.866_867insA, Q46X/ C114W and C223G/C114W mutations, respectively. In conclusion, our findings suggest that in order to avoid misdiagnosis, physicians should carefully examine the entire skeleton, including the spine, in addition to the skeletal extremities. Mutation analysis of the WISP3 gene is useful for confirming the clinical and radiographic diagnosis of PPD.
Introduction
Progressive pseudorheumatoid dysplasia (PPD) (OMIM 208230) is an inherited autosomal recessive skeletal dysplasia with radiographic changes in the spine similar to spondyloepiphyseal dysplasia tarda, progressive arthropathy (SEDT-PA) and with a clinical resemblance to juvenile idiopathic arthritis (JIA). In the 1997 revision of the International Nomenclature and Classification of Osteochondrodysplasias, PPD is listed as an autosomal recessive disorder in group 10, i.e. 'other spondyloepi-(meta)-physeal [SE(M)D] dysplasias' (1). The incidence of PPD has been estimated at 1 individual per million in the UK (2), but it is likely to be higher in the Mediterranean, Middle East and Gulf states (3, 4) . No prevalent data on the Chinese population have been reported as yet. PPD is a rare disease which has been attributed to mutations in the gene encoding the Wnt1-inducible signaling pathway protein 3 (WISP3) (OMIM 603400). The WISP3 gene is located on chromosome 6q22 and is composed of five coding exons, which encode a 354-amino acid protein (5) . The articular chondrocytes (ACs) in PPD are characterized by increased proliferative activity and decreased apoptosis, with continuous degeneration and loss of articular cartilage being the main pathological consequences of the disease (6) . Patients with PPD suffer from a progressive, non-inflammatory chondropathy affecting primarily the articular cartilage, with characteristic skeletal abnormalities, notably in the spine and joints. It is often initially misdiagnosed as an inflammatory rheumatic disease, such as JIA (7, 8) or mucopolysaccharidosis. Therefore, it is crucial to carry out an early differential diagnosis. The objective of this study was to report on seven patients from six Chinese families identified as having PPD from clinical manifestations and the imaging analysis of the bony skeleton. A further aim was to explore the gene mutation spectrum of WISP3 in the Chinese patients with PPD to confirm the clinical diagnosis at the molecular level.
Materials and methods
Patient histories. Seven patients (six males and one female) from six Chinese families were included in this study over a period of two years and nine months (March 2008 to December 2010). Patient 7 is the fourth younger sister of patient 6. All of these patients were delivered at a normal length and weight following a full-term, uneventful preg-nancy. The age of disease onset in the seven patients was 5-13 years, when they presented with limb muscle weakness or pain in the hip after walking for longer distance or climbing stairs, and/or a waddling gait. Their proximal and distal interphalangeal joints were swollen at the age of 6-15 years (Fig. 1) , and the joint swelling and/or pain gradually progressed to the large joints (Fig. 2) . The skin was not red or warm over the affected joints, but developed stiffness and flexion contracture, resulting in motion limitation of the joints, such as being unable to bend from the waist, turn the head, or squat in six patients, and unable to walk unaided in two patients at the age of 9-17 years. The detailed symptoms and signs of these patients are shown in Table I . All patients have normal intelligence. Six of these patients were suspected as having rheumatoid polyarthritis in a local hospital, but nonsteroidal anti-inflammatory drugs were of no clinical benefit. These patients visited our clinic at the age of 9-49 years for short stature (their current height is near or less than the 3rd percentile) and motion limitation of the joints. The other family members of the five patients (P1-P5) are all healthy. The patient P6 and his youngest sister (P7) from one family are affected, but his parents, younger brother and younger sister are all healthy.
Clinical diagnosis. Laboratory evaluation included routine blood, liver and renal function, serum calcium phosphorus and alkaline phosphatase levels, as well as the erythrocyte sedimentation rate, C reactive protein, rheumatoid factors, antistreptolysin O and antinuclear antibodies to exclude connective tissue disease. We also analyzed the urinary excretion of glycosaminoglycans by quantitative dimethylmethylene blue test, or enzyme assay for mucopolysaccharidosis type I, II, IV and VI, to rule out mucopolysaccharidosis. Radiological investigations (X-rays of the spine, hip, knee and hand) and magnetic resonance imaging of the spine were performed to make a radiological diagnosis of PPD.
Molecular studies. Written informed consent was obtained from the patients' parents prior to blood sampling and DNA analysis. This study was approved by the Ethics Committee of the Shanghai Jiaotong University School of Medicine, China. DNA was extracted from the peripheral white blood cells of patients and their parents using conventional methods. All 5 exons and the exon-intron boundaries of the WISP3 gene were amplified by polymerase chain reaction (PCR) using five pairs of primers (Table II) . Genomic DNA (2 µl) was used as a template in a total reaction volume of 50 µl (5 µl 10X buffer plus Mg 2+ , 5 µl 2.5 mM dNTP mixture, 1.5 µl each primer 20 µM, 2.5 µl Takara Taq and dH 2 O up to 50 µl). PCR was performed at an initial denaturation time of 95˚C for 5 min, followed by 34 cycles of 94˚C for 45 sec, 62˚C for 40 sec and 72˚C for 1 min, and a final extension interval at 72˚C for 10 min. Direct DNA sequencing was performed in both directions by a commercial sequencing service (Shanghai GeneCore Biotechnologies, China). The reference WISP3 gene sequence used was GenBank NG_011748.1. The non-previously described variations were tested by only mutation screening in 50 normal controls (40 males, 10 females) who were disease-unrelated Han Chinese children aged 5-20 years.
Results
Laboratory findings. Seven patients in this study were initially suspected as having an inflammatory rheumatic disease or mucopolysaccharidosis. The erythrocyte sedimentation rate, C reactive protein, rheumatoid factor, antinuclear antibody and quantitative dimethylmethylene blue tests were negative in all patients. The enzyme activities of mucopolysaccharidosis type I, II, IV and VI performed in patient 2 were within the normal range. None of the above laboratory findings gave any evidence for a diagnosis of connective tissue disease or mucopolysaccharidosis.
Radiological findings. Radiological examination in the seven patients did not reveal any erosive arthropathy, but did show universal platyspondyly, irregular (bird mouth-like) or wedged/ovoid anterior end-plate of the vertebral bodies, particularly in the thoracolumbar region (Fig. 3) . Five patients (P1, P4-P7) had loss of joint space in the hip joints, irregularities or cystic changes of the articular surface of the femoral head and acetabulum, and a shortened femoral neck (Fig. 4) . Five patients (P1, P2, P4, P6, P7) had scoliosis, kyphosis and coxa vara, and widened epiphyses or metaphyses, including the capital femoral, distal femur and proximal tibia. Three patients (P1, P6, P7) had loss of joint space of the knee with periarticular osteoporosis (Fig. 2b) . Six patients (P1-P4, P6, P7) had enlarged metacarpophalangeal and interphalangeal joints with joint space narrowing (Fig. 1b) . These radiological findings, combined with the clinical symptoms and laboratory results, markedly suggested the diagnosis of PPD for the seven patients.
Molecular findings.
We sequenced all five coding exons of WISP3 for seven patients with PPD and their parents, and also the younger sister of patient 4. The healthy second younger sister and the younger brother of patient 6 received the gene mutation analysis. Seven different mutations of the WISP3 gene were identified with a total detection rate of 91.67% (11/12) . These mutations included c.866_867insA Table I . Symptoms and signs of the seven patients presenting with PPD. tion (c.208_209insA) was identified in patients 6 and 7. The mutations carried by patients 1-5 were also identified in both of their parents, whereas the younger sister of patient 4 carried the C114W mutation only. The mutation carried by patient 6 and patient 7 came from their father. The healthy second younger sister and younger brother of patient 6 did not carry the c.208_209insA mutation. The maps of gene mutation in the seven patients are shown in Fig. 5 . Three insertion mutations (c.866_867insA, c.624_625insA and c.208_209insA) and one deletion mutation (c.729_735delGAGAAAA) resulted in a frameshift. One nonsense mutation (G46X), which is a C to T transition at c.7004 in exon 2, changed the codon Gln to Ter and resulted in a subsequent change to a stop codon and a truncation at p.46. One missense mutation C114W, which is a T to G transition at c.7210 in exon 2, resulted in a Cys to Trp substitution at p.114; and the other missense mutation, C223G, which is a T to G transition at c.14108 in exon 4, resulted in a Cys to Gly substitution at p.223. Four of seven types of mutations were located on exon 4 (57.14%), two were located on exon 2 (28.57%) and one was located on exon 5 (14.28%) of the WISP3 gene. Three mutations, c.624_625insA, c.866_867insA and c.729_735delGAGAAAA, have been reported by our group in a Chinese journal (9) . The other four mutations have not been previously reported and were not identified in 100 control chromosomes.
Discussion
PPD is a rare hereditary polyarthropathy involving the small and large joints. In China, with the gradual development of the field of genetic metabolic diseases over the last decade, a number of diseases such as PPD are now capable of being diagnosed at an early stage. However, as the incidence of PPD across the world is very low, it has not been easy to find a number of patients with PPD within a certain period of time.
To date, only a small number of Chinese patients with PPD have been reported (6, 10) . There is no prevalent data of PPD in China at present. It has been reported that in PPD, the ACs, which are the predominant cell components of articular cartilage, proliferate significantly faster than normal cells, and have a lower rate of apoptosis compared to normal controls. These findings may account for the metaphyseal enlargement observed in PPD radiographs, which corresponds clinically to the joint swelling. The continuous degeneration and loss of articular cartilage are the main pathological changes of PPD (6) . In contrast to the majority of genetic skeletal dysplasias, prenatal skeletal growth and morphogenesis appear undisturbed in PPD, and the affected individuals are asymptomatic during the first few years of life (5). In our study, 85.71% (6/7) of our patients were male; thus the incidence appears to be higher in males. The onset of the disease in our patients was between 5 and 13 years old, with presenting symptoms of muscle weakness, waddling gait, interphalangeal joints which were swollen and then gradually developed deformities, stiffness, swelling and motion-range limitation of symmetric multiple large joints as they aged in the majority of the patients. These patients were ultimately diagnosed as having PPD based on clinical and radiographic criteria (11) . Two patients (P1, P6) progressed to be unable to stand and walk unaided. Such functional impairment in PPD may develop as a result of a combination of joint abnormalities together with muscle weakness and wasting. The prognosis may actually be very poor, including the possibility of becoming wheelchair-bound at an early age, although life expectancy is not likely to be diminished (8, 11) . On the other hand, the current height of each patient is near or less than the 3rd percentile of the mean height of normal children. The reduction in height is explained by the progressive contraction in the hips as well as the spinal deformity (12) . Patients with PPD typically receive no significant benefit from treatment with nonsteroidal anti-inflammatory drugs (NSAIDs). Kaya et al (13) reported that the pain was controlled with NSAIDs, electrotherapy [transcutaneous electrical nerve stimulation (TENS) and diadynamic current] and superficial heat (paraffin bath and hot pack), and strength exercises were useful to maintain and/ or increase muscle strength and range of motion.
Our patients with PPD were initially misdiagnosed as having an inflammatory rheumatic disease, such as JIA and mucopolysaccharidosis. PPD should be considered by clinical radiologists and pediatricians in conducting the differential diagnosis for these diseases, particularly when laboratory support is lacking. It is essential to carefully examine the entire skeleton, including the spine, and not to concentrate exclusively on the extremities of the skeleton in order to prevent delayed diagnosis and to begin rehabilitation as early as possible. PPD should be distinguished from certain other diseases of the bone and joints (8, 11, 14) . These diseases include: i) JIA with symmetric or asymmetric joint involvement with bony erosions and without spondyloepiphyseal dysplasia, accompanied by iridocyclitis, anemia, leukocytosis, altered erythrocyte sedimentation rate and C reactive protein elevation, positive antinuclear antibodies and rheumatoid factor; ii) Stickler syndrome, a dominantly inherited disease characterized by progressive myopia, hearing obstruction and polyarthropathy; iii) spondyloepiphyseal dysplasia tarda, which is mainly an X-linked disorder and develops at an older age, with shortness, vertebral flattening and osteoarthritis in the large joints, particularly the hips, as a common complication, and the relatively unaffected peripheral skeleton including the interphalangeal joints; and iv) mucopolysaccharidosis, with characteristic features including platyspondyly, bullet or wedged anterior end-plates of vertebral bodies and banderole ribs, but with small joints of the hand and larger joints such as the knee appearing to be normal. The quantitative dimethylmethylene blue test and the determination of enzymatic activity allow confirmation of the diagnosis.
The WISP3 gene regulates the synthesis of chondrocyte collagen type II and saccharan, and the latter two are the major components of cartilaginous tissue. Therefore, any depletion or dysfunction of WISP3 may result in a loss of WISP3 protein function, which apparently interferes with normal postnatal growth and cartilage homeostasis, leading to joint degeneration (5, 8, 15, 16) . The mutation analysis of the WISP3 gene may confirm the original diagnosis of PPD based on clinical manifestations and imaging analysis. Mutation analysis may also assist pediatricians and radiologists in recognizing certain phenotypes at an early stage of PPD. To date, over 20 mutations in the WISP3 gene have been identified in PPD families including exon-deletion/insertion, nonsense and missense mutations. In this study, we describe the molecular analysis of WISP3 performed in seven patients from six families with PPD. We identified seven types of mutations including three mutations reported previously by our group (9) . All these mutations in the WISP3 gene are different from the mutations in other Chinese patients with PPD reported by Zhou et al and Yue et al (6, 10) and have not been previously reported by investigators in other countries around the world. Each novel mutation carried by our patients was also identified in the father or mother. The two novel missense mutations were not found in 100 control chromosomes, strongly suggesting that they are not a common polymorphism. It therefore appears that these novel variations carried by our patients are disease-causing mutations, although a gene expression study has not yet been performed. On the other hand, the majority of the mutations we reported here are located on exon 4, and the others are located on exon 2 and exon 5 of the WISP3 gene, while the mutations identified in another two Chinese families reported previously are located on exon 3 (10) , indicating that the mutations of the WISP3 gene in Chinese PPD are located in the range of exon 2 to exon 5. Although the mutations are located on different exons, the patients had very similar phenotypes, suggesting that the mutations in different domains of WISP3 are associated with similar clinical features. The correlation between the phenotype and genotype of PPD remains to be clarified at the molecular level and requires further analysis in future research.
